Astragalus mongholicus (Fabaceae) is a perennial herb and a widely used medicinal plant in traditional Chinese medicine (TCM) known as Radix Astragali (Huangqi). It was reported to have hepatoprotective, cardioprotective, antidiabetic, antiaging, sedative and immunopotentiating effects, and could also be used as an adjuvant medicine during cancer therapy. Until now, there is only a little research on its population genetics and no report on development of microsatellite loci for this plant. In this study, a microsatellite-enriched genomic DNA library of A. mongholicus was developed and screened to identify marker loci. Ten polymorphic loci were isolated and analyzed by screening 30 individuals. The number of alleles per locus ranged from 4 to 19, with an average of 12.3 alleles per locus. The observed heterozygosity (H O ) and the expected heterozygosity (H E ) ranged from 0.367 to 1.000 and from 0.395 to 0.912, respectively. The polymorphism information content (PIC) varied from 0.361 to 0.888, with an average of 0.762. This is the first report on characterization of microsatellite loci for A. mongholicus, and these markers will be useful for population genetics and molecular ecology studies of this plant.
INTRODUCTION
Astragalus mongholicus Bunge (synonym, Astragalus membranaceus Bunge var. mongholicus (Bunge) P. G. Xiao), a perennial herb, is a member of Fabaceae and mainly distributed in the northeast, north, and northwest of China as well as in Mongolia [1] . It is a widely used medicinal plant in traditional Chinese medicine (TCM) known as Radix Astragali, whose roots have been used for centuries in China as a therapeutic agent for Yang weakness and Qi deficiency, and was reported to have hepatoprotective, antidiabetic, diuretic, and sedative effects [2] [3] [4] [5] . Additionally, various Radix Astragali preparations are commercially available in the United States as a dietary supplement [4] . Recent study also demonstrated that Radix Astragali has a wide range of immunopotentiating effects and could be used as an adjuvant medicine during cancer therapy [4] . It has been reported that the pharmacological activity of A. mongholicus was due to several active components, such as saponins, isoflavonoids and polysaccharides, which have various biological activities [5] . However, human activities and increased utilization in TCM have caused a dramatic decline in the natural populations in the last few decades. Although the morphology, karyotype, molecular phylogeny, pharmacology and metabonomics of A. mongholicus have been extensively studied [3, [6] [7] [8] [9] , information on population genetics is largely unknown.
In recent decades, microsatellites or SSRs (simple sequence repeats) have become the most popular genetic markers, owing to their high reproducibility, abundance across genomes, multi-allelic nature, codominant inheritance and high levels of polymorphism [10] [11] [12] . They have been successfully used for genomic mapping, population genetics, marker-assisted selection, conservation biology and other studies [10, 13, 14] . However, the original microsatellite locus has not been developed for A. mongholicus. In order to provide useful tools for population genetics analysis of this valuable medicinal plant, we report the isolation and characterization of polymorphic microsatellite loci from A. mongholicus for the first * Corresponding author.
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time, using a modified biotin-capture method [15] .
MATERIALS AND METHODS
The leaves of A. mongholicus from a natural population in Inner Mongolia Autonomous Region were collected, dried in silica gel in sealed polyethylene bags and stored at room temperature until use. Genomic DNA was extracted from dry leaf tissue using a Plant Genomic DNA Kit (TIANGEN, Beijing). About 600 ng genomic DNA was digested by Sau 3AI (TaKaRa), and the fragments ranging from 300 to 1000 bp were purified and ligated to the Sau 3AI adaptors (oligoA: 5'-GGCCAGAGACCCCAAGCTTCG-3', oligoB: 5'PO4-GATCCGAAGCTTGGGGTCTCTGGCC-3'). The ligated DNA products were then hybridized with 3'-biotinylated (AG) 15 oligonucleotide probes and captured by streptavidin-coated magnetic beads (Promega). The microsatellite-enriched fragments were amplified by PCR using oligoA as the primer, and ligated to pMD18-T vector (TaKaRa). The recombinant plasmid was then transformed into Escherichia coli DH5α competent cells and the transformants were distinguished by blue-white screening. The positive clones were identified by PCRs using oligoA and oligonucleotides (AG) 15 as the primers. The clones yielding two or more bands contained microsatellite fractions. Totally, ninety-six positive clones were sequenced and sixty-five contained microsatellites. Fifty-two pairs of primers were then designed using PRIMER PREMIER 5.0 software (http://www.premierbiosoft.com/) and synthesized. Of these, 29 pairs successfully amplified products of expected sizes, and ten of the most promising loci were selected for further testing ( Table 1) . We attached the universal M13 sequence tag to the 5' end of the forward primer for each potential locus, allowing efficient fluorescent labeling of the products using the method described by Schuelke [16] . Potential markers were tested on five individuals from Inner Mongolia. PCR amplifications (15 µl) contained 6.25 µl GoTaq ® Green Master Mix (Promega), 0.8 µmol of each reverse and FAM-M13 primer, 0.2 µmol of the M13-forward primer and 20 -50 ng template DNA, and were performed in an iCycler thermocycler (Bio-Rad). The cycling parameters were: one cycle at 94˚C for 5 min; 35 cycles at 94˚C for 30 s, optimized locus-specific annealing temperature ( Table 1) for 45 s and 72˚C for 45 s; followed by 8 cycles at 94˚C for 30 s, 53˚C for 45 s and 72˚C for 45 s, and a final cycle at 72˚C for 12 min. Loci that amplified in all five initial samples were then tested in 25 additional individuals. The PCR products were analyzed with an ABI 3100 automated sequencer using HiDi and size standard 400 HD ROX (Applied Biosystems). Genotypes were assessed using GeneMapper v3.2 (Applied Biosystems). The number of alleles (N A ), expected heterozygosity (H E ) and observed heterozygosity (H O ), Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) at each locus were tested using GENEPOP on the Web [17, 18] . Polymorphism information content (PIC) was caculated 
